bacteria. [11] [12] [13] We and others have also provided novel data regarding the influence of various mono-and multispecies biofilms on these response profiles with results demonstrating significant differences in planktonic vs biofilm challenge within a bacteria species, and a different profile of responses to the multispecies biofilms that varied from simply a summation of the individual bacterial components. [14] [15] [16] This report describes our studies focusing on the capabilities of the epithelial cells to activate an array of immune response pathway signals that would prime the gingival tissues for responses to the oral microbiome. We assessed these gene expression patterns related to challenge of the epithelial cells with a multispecies biofilm composed of Streptococcus gordonii, Fusobacterium nucleatum, and Porphyromonas gingivalis representing a type of periodontopathic biofilm. 16, 17 These response profiles were compared to challenge with the same species of planktonic bacteria reflecting the ongoing process of detachment and dispersal that would occur with oral bacteria throughout the oral cavity to establish biofilms at other sites.
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| MATERIAL S AND ME THODS
| Growth of bacteria and multispecies biofilms
Fusobacterium nucleatum ATCC 25586, Streptococcus gordonii ATCC 10558, and Porphyromonas gingivalis FDC381 were grown in Brain Heart Infusion (Becton Dickinson, Sparks, MD) medium supplemented with 5 µg hemin ml -1 and 1 µg menadione ml -1 under anaerobic conditions (85% N 2 , 10% H 2 , 5% CO 2 ) at 37°C as we have described previously. 15, 17 Biofilms were grown on Rigid Gas Permeable Lenses (RGPL) (Advanced Vision Technologies, Golden, CO), 10.5 mm in diameter in a single well of a 48-well plate, which allows the RGPLs to cover the entire surface of the well. Prior to biofilm formation, RGPLs were coated with 1% fetal bovine serum (Invitrogen) and monospecies planktonic cultures of the three bacteria were mixed and used to create the biofilms, with bacterial input from 1-11 × 10 8 . 17 Our previous studies of these biofilms have
shown an approximate composition of the final biofilms at 3.4 × 10 9 with 92% S. gordonii, 2% F. nucleatum, and 6% P. gingivalis.
| Oral epithelial cell culture model
An immortalized epithelial cell line OKF6 21 was cultured in standard KFM media to form a confluent monolayer. 17 Planktonic bacteria and biofilm challenge, and control treatments were each carried out in six wells in 1 ml/well fresh media seeded with 5 × 10 4 OKF6 cells, and continuously incubated for 12 hours under anaerobic conditions (85% N 2 , 5% CO 2 %, and 10% H 2 ). The results of gene expression levels in the epithelial cells that were challenged with the planktonic bacteria at an MOI of 1:50-1:100 were combined since no significant differences were generally noted in response profiles with these two doses. 22 Three-day-old biofilms grown on contact lenses were overlaid with the biofilm surface juxtaposed to the epithelial cells.
OKF6 cells with or without overlaid RGPL were used as controls and maintain high viability (XTT conversion and level of housekeeping gene expression 23 ) and function for the 24 hours experimental interval. 15, 22 Based upon the estimated calculations of the area of the biofilms on the RGPL 22 and the surface area of an epithelial cell, we estimated that the direct interaction of the biofilm surface with the epithelial cells would approximate an MOI of 10:1 to 50:1 bacterial cells on the surface of the biofilms were in contact with an individual epithelial cell.
| Nanostring analysis
Gene expression profiles of the oral epithelial cells exposed to the biofilms and bacteria were assessed using the nCounter Human
Immunology Kit panel (Nanostring, Seattle, WA; https://www.
nanostring.com/products/gene-expression-panels/ncounterimmunology-panels) containing a set of 579 genes representing pathways that cover an array of inflammatory, and innate and adaptive immune responses. After exposure of cell cultures to the bacteria, media only or RGPL, total mRNA was isolated using the PureLink RNA Mini (Life Technologies, NY, USA) kit following the manufacturer's instructions. RNA (100 ng) with integrity numbers of 9-10 from each sample was hybridized with the reporter code set beads 23 in a final volume of 30 μl at 65°C for 12 hours and processed using the Nanostring Cell Prep Station. Data normalized to total RNA levels were collected using the Nanostring Digital Analyzer (Nanostring Technologies, Seattle, WA, USA) through the Microarray Core facility at the University of Kentucky.
| Statistical analysis
The mean ± standard deviation of the bacteria/biofilm stimulation of OKF6 was compared using an ANOVA on ranks test with Dunn's test for multiple comparisons to evaluate the data from stimulated cells compared with unchallenged cells or RGPL overlaid OKF6 cells (SigmaStat 3.5; Systat Software, Inc, Chicago, IL). was up-regulated with all species, which was lost when the bacteria were in a biofilm. Additionally, P. gingivalis demonstrated a feature of a larger set of unique genes that were increased vs the other species (eg, IL32, CTSC, NOTCH1, C3, CD14, NOD2).
| RE SULTS
| Comparison of gene expression profiles of oral epithelial cells to planktonic bacteria and biofilms
| Target genes affected by planktonic bacteria and biofilms
Figure 5A-C focuses on specific gene profiles that were elevated by at least 2 times with the biofilms compared to any of the planktonic bacteria driven gene expression. ] classification system was used to assess the gene ontology of these profiles. The pathways that were significantly over-represented are shown in Table 1 . These included an array of pathways directly involved in communicating the cellular response to infection to immune system components. Additionally, this periodontopathic biofilm surrogate elicited various pathways controlling cell survival and apoptotic processes. Figure 6 provides a depiction of the group of genes (n = 17) in which the response to one or more of the individual planktonic bacteria was greater than the biofilm challenge, or in many cases multiple planktonic bacteria elicited elevated responses that appeared to be decreased when the bacteria were in the biofilm structure. Table 1 provides a pathway analysis of the over-represented responses, which were limited to inflammation-mediated chemokine/ cytokine signaling pathways. This could be interpreted that these bacteria in biofilms, while up-regulating a number of chemokines/ cytokines appeared to "block" the increase in the expression of these genes, for example CCL5, CXCL10, CXCL11, ICAM1, IL23A, PLA2G2A, and PSMB5.
| D ISCUSS I ON
Epithelial cells that provide a mechanical barrier at mucosal surfaces are gaining a stronger recognition regarding their ability to respond to both the commensal microbiome and deleterious microbial insults, and are involved in regulating mucosal inflammatory and immune responses. In this study, we evaluated gene expression profiles of oral epithelial cells, specifically targeting genes that could be more directly involved in communicating regulatory signals to the inflammatory, innate, and adaptive immune system in the periodontium.
The specific hypothesis to be tested was that distinct differences Interestingly, IL32 and LIF (leukemia inhibitory factor) have not been previously described in oral epithelial cell biology. IL32 has been implicated in the pathogenesis and progression of various chronic inflammatory disorders [28] [29] [30] and is induced by microbial ligands via TLR pathways. 31 The IL32 gene leads to nine splice variants and isoforms that have been shown to have varied activities under different cellular conditions. 29, 32, 33 This molecule has been described as a pro-inflammatory cytokine that induces differentiation of monocytes to macrophages, 34 as well as up-regulation of other pro-inflammatory cytokines in these cells. 35 Recently, it was shown that IL-32 levels were elevated in saliva and GCF in periodontitis 36 and is consistent with elevated levels of IL-32 in gingival tissues in periodontitis. 37 LIF (Leukemia inhibitory factor) regulates cellular differentiation, growth, and inflammation. 38 It is a member of the IL-6 family of cytokines with pro-inflammatory capabilities. 39 This molecule has been shown to be produced by the epithelial cells in the lung and protect against bacterial pneumonia infections. 39, 40 However, the same ligand has been shown to induce the production of an array of pro-inflammatory molecules (eg, IL-1, IL-6, IL-8, inflammatory lipids) by the gut, 41 uterine, 42 corneal, 43 nasal airway and bronchial epithelial cells, 44 and keratinocytes. 38, 45 This activity appears to occur through the LIF receptor and JAK1-STAT3 signaling pathway. 42, 43 Literature on its role in the oral mucosa is more limited with decreased levels in periodontitis GCF, 46 and production by gingival fibroblasts in response to host pro-inflammatory signals. 47 58 The interesting findings with this important regulatory cytokine were its elevated expression with each of the planktonic species that was decreased substantially with the combined biofilms.
An interesting profile of the cytokine family of genes was also noted to be significantly elevated in the infected epithelial cells.
IL8 was a major gene induced by the biofilms, albeit its constitutive production was rather low. 22 shown that both CXCL1 and CXCL2 are expressed in the junctional epithelium potentially contributing to attempts to maintain homeostasis. 66 Gingival fibroblasts were reported to produce CXCL11 (SCYB11; I-TAC) in response to challenge with muramyl dipeptide, 67 while macrophages stimulated with P. gingivalis also up-regulated this chemokine. Thus, with each of these cytokines/chemokines/ signaling factors that were elevated in the oral epithelial cells there is a biological consideration regarding roles in the gingival communication of innate immune system processes.
CSF2 (colony stimulating factor 2; GMCSF) is a cytokine associated with functions of granulocytes and macrophages. 68 It has been shown to be elevated in gingival tissues of periodontitis 69 and was suggested to drive MMP-12 production in diseased tissues. 70 Interestingly, CSF2 was overexpressed by gingival epithelial cells following challenge with A. actinomycetemcomitans 71 and was one of the target cytokines that were increased in oral epithelial cell cultures treated with mono-and multi-species biofilms, 14 particularly associated with a mixed species biofilm containing F. nucleatum and P. gingivalis. In this study, the biofilms up-regulated this gene by 30- fold; however, of interest was that only S. gordonii (7.6-fold) and F.
nucleatum ( 80 In recent studies, IRF1 showed a decreased expression in chronic periodontitis, 81, 82 although at the cellular level, how epithelial cells were affected has not be described. Finally, there is a robust literature on SOCS3 in periodontal disease, including the identification of this regulatory molecule in human periodontal tissues 83 and rodent models of periodontal disease, [84] [85] [86] as well as responses of periodontal ligament cells 87 and osteoblasts. 88 However, minimal data are available regarding the role of the inflammation regulatory molecule in the oral epithelium. 
